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Background: The aim of this study was to evaluate the uptake and -washout of I-123 meta-
iodobenzylguanidine (MIBG), reflecting norepinephrine metabolism, in the lungs in
patients with sarcoidosis.
Methods: Lung I-123 MIBG kinetics was assessed in 43 patients with sarcoidosis. The range
of disease duration was 1–16 years (median: 3 years). Thirteen patients had radiographic
stage 0–I, 30 patients had radiographic stage II–IV. Serological clinical parameters and
small fibre neuropathy, as assessed by temperature threshold testing (TTT) were measured
in 39/43 patients. 31/39 patients had an abnormal TTT. Eleven healthy controls
participated in this study. Both dual head planar and dual headed SPECT images of the
thoracic regions were made. The uptake of I-123 MIBG and the washout percentage were
calculated in sarcoidosis patients and compared with the healthy persons.
Results: Lung I-123 MIBG uptake in patients with sarcoidosis did not differ from controls.
The lung washout of I-123 MIBG was significantly (pp0.01) decreased in sarcoidosis.
Remarkably this was most clearly seen in patients with an abnormal TTT and in patients
with more advanced radiographic pulmonary involvement (radiographic stages II–IV) but
not in patients with decreased lung function (FVCo80% or DLCOo80%).
Conclusion: The inflammatory process of the lungs in sarcoidosis seems not to affect
pulmonary vasculature. In sarcoidosis decreased lung washout of I-123 MIBG might, at least
partly, be explained by sympathetic autonomic nerve dysfunction. Future studies are
needed to explore the clinical relevance of this observation.
& 2007 Elsevier Ltd. All rights reserved.Elsevier Ltd. All rights reserved.
of Respiratory Medicine, University Hospital Maastricht, P.O. Box 5800, 6202 AZ Maastricht,
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Sarcoidosis is a disseminated granulomatous disease of
unknown origin. Granulomas are clusters of macrophages,
lymphocytes and cells called multinucleated giant cells.
Depending on the organs involved and the severity of
granulomatous inflammation, patients suffer from a broad
range of symptoms. The disease can involve any organ of the
body in any location, but sarcoidosis is most frequently
found in the lungs.1 Granulomas can appear in the lungs on
the walls of the alveoli or on the walls of the bronchioles.
They also can appear in the lymph nodes in the chest,
causing them to enlarge. Besides respiratory symptoms such
as coughing and dyspnoea, patients often suffer from
apparently non-specific symptoms such as fatigue and pain.
These symptoms were found to be related to small fibre
neuropathy (SFN) with autonomic involvement.2
Iodine-123 meta-iodobenzylguanidine (MIBG), an analo-
gue of norepinephrine (NE), shares the same uptake, storage
and release mechanism as NE in neurons.3–5 As I-123 MIBG
shares several metabolic pathways with NE in the adrenergic
nerve terminals, it can be used as a tracer for imaging the
adrenergic nerve system of the heart. Lung uptake of I-123
MIBG is by a temperature sensitive saturable sodium-
dependent energy active transporter system located in the
endothelium cell membrane.6–9 Although autonomic nerves
dominate the lung tissue, including smooth muscles, mucous
glands and blood vessels, I-123 MIBG uptake by nerve ending
is probably negligible.6 Moreover, lung uptake, in contrast to
heart tissue, of catecholamines is not reduced by chemical
sympathectomy,10,11 indicating that the uptake is primarily
regulated by an extra-neuronal mechanism.
In earlier observations it has been discussed, however,
that washout rate of lung I-123 MIBG activity could be an
indicator of pulmonary adrenergic activity.5,12
Recently we reported visual I-123 MIBG uptake defects of
the heart in about one-third of patients with sarcoidosis
suggesting autonomic dysfunction.13 During that study
abnormal I-123 MIBG activity in the lungs of sarcoidosisTable 1 Summary of characteristics of the studied sarcoidosis
Controls (n ¼ 11) Sa
Age (years) 45 (25–56) 39
Sex (male/female) 11/0 28
Smoking (yes/no) 0/11 1/
Time since diagnosis (years) 4 (
Prednisolone (yes/no) 0/11 19
CXR (O/I/II/III/IV) 5/
Hs-CRP (ref.: 0.26–7.24mg/L)
ACE (ref.: 9–25) 2




Data are expressed as mean7standard deviation or with range in par
to DeRemee (0–III), adding stage IV, the end stage of lung fibrosis
converting enzyme. sIL-2R: soluble Interleukin-2-receptor. FVC (%): fo
forced expiratory volume in 1 s expressed as percentage of normal.
expressed as percentage of normal.patients was observed. In this study, serial I-123 MIBG
images of the lung were acquired to evaluate whether
observation of this variable lung uptake in more detail could




Between March 2003 and April 2005, 64 patients admitted to
the Sarcoidosis Management Center Maastricht, which serves
as a tertiary referral centre for sarcoidosis patients in the
Netherlands, had a I-123 MIBG scintigraphy. All patients were
diagnosed with sarcoidosis based on consistent clinical
features and bronchoalveolar lavage (BAL) fluid analysis
results, according to World Association of Sarcoidosis and
Other Granulomatous disorders (WASOG) guidelines.14
Furthermore, most (n ¼ 50) had biopsy proven non-caseating
epitheloid cell granuloma. Exclusion criteria were the use of
medication that possibly influences I-123 MIBG uptake or -
washout (n ¼ 18)15 and diabetes mellitus (n ¼ 3).12,16
Finally, 43 patients (28 (65%) men and 15 (35%) women)
were included in this study. The median age was 45 years
(range: 28–70). The duration of illness ranged from less than
1 year to 16 years (median: 3 years). The control group
consisted of 11 healthy male volunteers with a mean age of
39 years (range: 25–56). None of the control subjects was
taking any medications or had a history of diabetes, heart
disease, chronic obstructive pulmonary disease (COPD) or
hypertension. For characteristics of study population, the
excluded patients and control group, see Tables 1 and 2.
I-123 MIBG data acquisition
All subjects received an oral dose of potassium perchlorate
(200mg) once a day, starting the day before scintigraphy
and continued for 2 days in order to block uptake by thepatients, the control group and the excluded patients.













entheses if appropriate. CXR: chest radiographic stage according
. Hs-CRP: high-sensitivity C-reactive protein. ACE: angiotensin
rced vital capacity expressed as percentage of normal. FEV1 (%):
DLCO (%): diffusion capacity of the lung for carbon monoxide
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Dopaminergic neurons blocking agents 2
Some patients used more than one drug.
G.J. Jonker et al.66thyroid. After a slow intravenous injection of a mean dose of
193.4MBq/5.22mCi (range: 168–235.6MBq/4.54–6.37mCi)
I-123 MIBG (Amersham-GE, Eindhoven, the Netherlands),
anterior and posterior planar images were made of the
thorax and upper abdominal region using a dual detector
gamma camera (Siemens Multispect-2) equipped with a
medium-energy general-purpose collimator. The exact time
of injection of the radiopharmaceutical as well as the
injected dose were recorded. Images were acquired over a
5min interval and stored in a 128 128 matrix. A symmetric
15% energy window centred on the 159 keV photon peak of I-
123 was used. All studies started with the acquisition during
5min of a transmission scan using a Co-57 flood source (20%
window, 122 keV photon peak). Images were made 30 and
240min after injection.
I-123 MIBG data analysis
Counts were expressed as the geometric mean of the
anterior and posterior views after correction for acquisition
time, decay and attenuation. Regions of interests were
placed over the, mediastinum, and the mid zone of the left
and right lung. The average counts expressed as percentage
of the injection dose per pixel were calculated on the early
(30min) and delayed images (240min). All values were
corrected for the exact time of acquisition by fitting a single
exponential curve. The washout percentage was calculated
as follows: I-123 MIBG washout % ¼ (early uptakedelay
uptake/early uptake 100).
Serological measurements
From all patients blood samples were taken and serum was
stored at 20 1C until actual measurement, which occurred
for all samples within 2 months after storage.
Soluble Interleukin-2-receptor (sIL-2R) was determined by
a two-site chemo luminescent enzyme immunometric assay
on the IMMULITE Automated Analyser (Diagnostic Product
Corporation, Los Angeles, CA, cat. no. LKIP1). The detection
limit of the assay is 50 kU/L, and the measuring range is
50–7500 kU/L. The within- and the between-run imprecision
of the assay was below 7.2%, and the reference interval for
sIL-2R was 241–846 kU/L.
High-sensitivity C-reactive protein (Hs-CRP) was mea-
sured by particle enhanced immunonephelometry on the BNProspec (Dade Behring). The detection limit for hs-CRP is
0.175mg/L and the measuring range is 0.175–1100mg/L,
depending on the dilution (Dade Behring, Liederbach
Germany, N Hs CRP; cat. no. OQIY 13; supplement reagent
OUMU). The reference interval was 0.26–7.24mg/L.
Serum angiotensin converting enzyme (ACE) was mea-
sured by colorimetric method (Fujirebio Inc., Tokyo, Japan,
cat. no. FU 116). ACE acts on a substrate p-hydroxybenzoyl-
glycyl-L-hystidyl-L-leucine and separates p-hydroxybenzoyl-
glycine, which is converted in two subsequent reactions
into quinoneimine dye. The absorbance of the quinoneimine
dye is measured at 505 nm to evaluate ACE activity. The
imprecision of the ACE assay was below 5.6%, and the
reference interval of ACE was 9–25U/L.Lung function testing
Lung function measurements, including forced expiratory
volume in 1 s (FEV1) and forced vital capacity (FVC), were
measured with a pneumotachograph (Masterlab, Jaeger,
Wu¨rzburg, Germany). The diffusing capacity for carbon
monoxide (DLCO) was measured by the single breath method
(Masterlab, Jaeger, Wu¨rzburg, Germany). Values were
expressed as a percentage of predicted.17 All values of 80%
and higher were considered normal.Chest radiograph
Chest radiographs were graded according to the radio-
graphic staging of DeRemee (0–III), adding stage IV, the end
stage of lung fibrosis.14,18 A radiologist, blinded to the
patient’s history, performed all interpretations.Temperature threshold testing
Temperature sensation threshold measuring was used to
assess function of small calibre sensory fibres. This method
has been reviewed by Antiskid.19 Temperature threshold
testing (TTT) was done by means of a Medoc TSA-2001
device (Medoc, Ramat Yishai, Israel). Thresholds for warm
and cold sensation were determined on the hand and on the
dorsum of the foot on both sides using the method of levels
(MLE) and the method of limits (MLI) as described earlier.20
Normative data according to Yarnitsky were used.21 Tem-
perature sensation was considered abnormal if at least on
one side both MLE and MLI testing resulted in Z values
exceeding 2.5 (above the 99th percentile).20Statistical procedure
The Kolmogorov–Smirnov test showed that washout was
normally distributed. Independent sample t-tests were per-
formed to examine mean scores for washout of the lungs
between sarcoidosis patients and control persons. This analysis
was also performed between sarcoidosis patients with a small
fibre neuropathy and control persons. A w2 test was done with
temperature threshold and subgroups of radiographic stages. A
p-value of 0.05 was considered statistically significant. All
analyses were done with SPSS version 12.1.
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Uptake in the lungs did not differ between the controls and
the study group (see Table 3). The I-123 MIBG uptake in the
mediastinum and the washout from the mediastinum did not
differ between all groups. Washout from the lungs, however,
was reduced in the studied sarcoidosis patients. The mean
I-123 MIBG-washout (of right and left lung) was 37.0% in
controls whereas it was only 28.8% in sarcoidosis patients
(po0.005; see Table 3). For sarcoidosis patients with an
abnormal TTT, an indication for small fibre neuropathy, the
difference in washout was even more prominent (po0.001;
see Table 4). In sarcoidosis patients with a normal TTT, the
washout was also lower compared to controls (po0.05) but
higher than in sarcoidosis patients with an abnormal TTT
(po0.05; see also Table 4).
Sarcoidosis patients with more advanced pulmonary
interstitial involvement (radiographic stages II–IV) had also
a more prominent reduction of lung washout as compared to
controls (po0.001, see Table 4). In patients withoutTable 3 Pulmonary uptake and -washout of I-123 MIBG in cont
Controls (n ¼ 1
Right lung 30 1.25 10270
Right lung 240 0.77 10270
Left lung 30 1.17 10270
Left lung 240 0.75 10270
Washout right lung 38.4376
Washout left lung 35.6175
Mean washout right and left lung 37.0275
Data are expressed as mean7standard deviation. Right/left lung 30:
30min. Right/left lung 240: planar quantification of I-123 MIBG uptak
MIBG lung washout expressed as percentage of lung uptake after 30m
and left lung.
po0.005 compared to controls.
ypp0.01 compared to controls.






Washout right lung 38.4376.04 31.0477.38z




Data are expressed as mean7standard deviation. TTT: temperatu
washout expressed as percentage of lung uptake after 30min. Mean w
po0.005 compared to controls.
ypo0.05 compared to chest X-ray stages II–IV and controls.
zpp0.01 compared to controls.
ypo0.05 compared to controls and sarcoidosis patients with an ab
zpo0.05 compared to controls.
Jpp0.001 compared to controls.radiological signs of parenchymal involvement (radiographic
stages 0 and I), the washout was also lower compared to
controls (po0.05) but higher than in patients with radio-
graphic stages II–IV (po0.05).
In the sarcoidosis group, no significant differences for lung
washout between sexes or patients who used prednisolone
were found. There was also no correlation between lung
washout and use of prednisolone, serological parameters
(hs-CRP, ACE and sIL-2R) or lung function test results.
Moreover, we compared the group with a FVC o80% (n ¼ 5)
to those with a FVC above 80% (n ¼ 38), as well as the group
with a DLCO of o80% (n ¼ 14) to the group with a DLCO
above 80%.29 This revealed no statistical significant differ-
ences (data not shown).Discussion
As I-123 MIBG, like NE, is retained in the lungs by an
active transporter system located in the endothelium cellrols and sarcoidosis patients.
1) Sarcoidosis patients total (n ¼ 43)
.16 102 1.32 10270.38 102
.12 102 0.92 10270.26 102
.18 102 1.17 10270.25 102




planar quantification of I-123 MIBG uptake in right/left lung after
e in right/left lung after 240min. Washout right/left lung: I-123














re threshold testing. Washout right/left lung: I-123 MIBG lung
ashout: average of I-123 MIBG lung washout of right and left lung.
normal TTT.
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G.J. Jonker et al.68membrane, lung uptake of I-123 MIBG is thought to
represent pulmonary vascular surface area and the func-
tional integrity of pulmonary endothelial cells.6,7,9,22,23 In
various conditions, a correlation between I-123 MIBG uptake
in the lungs and the development of pulmonary damage has
been shown.24–26 In these studies, it was very likely that the
damaging process in the lungs was the result of a
pathophysiological process that is located in the pulmonary
endothelium.
This study is the first that reports normal I-123 MIBG
uptake in the lung in sarcoidosis patients. Although
sarcoidosis belongs to the group of lung diseases that are
characterized by chronic inflammation, sometimes with
progressive fibrosis of the pulmonary interstitium, the
normal I-123 MIBG uptake makes it tempting to speculate
that the inflammatory process that is involved in sarcoidosis
does not affect pulmonary vasculature.
In our study, there was a significant reduction of I-123
MIBG washout from the lungs in sarcoidosis. This reduction
of washout is most clearly seen in patients with an abnormal
TTTand in patients with radiographic evidence of pulmonary
damage (e.g. radiographic stages II–IV). This is illustrated in
Figure 1 where a 35-year-old male patient is shown with
severe fibrosis. He had no relevant medical history, and
presented with cough, dyspnoea, exercise limitation and
palpitations due to ventricular arrhythmias. He had an
abnormal TTT. In this patient, pulmonary uptake is normal
but pulmonary washout is markedly reduced. Although in
previous studies, a reduction of pulmonary I-123 MIBG
washout has been reported in various conditions such as
diabetes mellitus, congestive heart failure, COPD and
fibrosis,5,12,27–30 it is not fully clear how this phenomenon
should be explained. It has been postulated that the
reduction of washout is the result of pulmonary vascular
damage12,27 or is the result of autonomic (sympathetic)
dysfunction.5,27 However, other mechanisms could not be
ruled out.
As in our study lung uptake of I-123 MIBG was completely
normal, surface area and integrity of pulmonary vasculature
must be considered normal, it is, in our opinion, therefore,Figure 1 Patient with severe pulmonary as well as cardiac sarcoid
enlarged hilar lymph nodes and parenchymal damage in both lungs (
of
123
I-MIBG 240min after injection shows areas with increase
123
I-MIvery unlikely that a vascular mechanism would be an
explanation for the decreased pulmonary washout. Re-
cently, a vascular mechanism has also been shown unlikely
in a study by Suga et al.24 who found an even enhanced
washout in patients with endothelial damage.
It has been postulated before that the pulmonary washout
of MIBG could possibly be related to the distribution and
functional status of sympathetic nerves29 and that there is a
relation between MIBG accumulation in the lung and
sympathetic nervous dysfunction.5 The fact that the reduc-
tion of lung I-123 MIBG washout in our study is most clearly
seen in patients with an abnormal TTT indeed seems to
suggest that autonomic nerve dysfunction plays a role. An
abnormal TTT is indicative of a systemic autonomic nerve
dysfunction as has been reported previously.20,31
A decreased lung washout has also been found in diabetic
patients, especially in patients with postural hypoten-
sion.5,12 This seems to strengthen the hypothesis that
autonomous nerve dysfunction plays a role in decreased
lung I-123 MIBG washout.
With an intact endothelial uptake mechanism, the uptake
in the lungs of I-123 MIBG only depends on its availability in
the pulmonary circulation. In the presence of autonomic
nerve dysfunction, there is less NE and I-123 MIBG taken up
in the storage vesicles of nerve endings, so there is more of
it available in the extravesicular compartment. The in-
travesicular I-123 MIBG is retained for a prolonged period,
while the extravesicular I-123 MIBG shows rapid decrease.
As I-123 MIBG, unlike catecholamines, is not metabolized in
the lungs,32,33 so there is more I-123 MIBG available in the
circulation and it can be retained longer through the
pulmonary endothelial receptors.5,34 This results in a
reduction of the calculated I-123 MIBG washout. The
reduced pulmonary washout could by this mechanism be
explained as an indirect effect of autonomic sympathetic
dysfunction.
The reduction of I-123 MIBG washout was also more
prominent in patients with radiological stages II–IV as
compared to the whole group. In our view this means that
apart from the autonomic dysfunction, there must be someosis, as seen on chest X-ray, showing radiographic stage II with
A), and confirmed on the HRCT thorax (B). Planar anterior image
BG activity in both lungs (C).
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Lung-uptake and -washout of MIBG in sarcoidosis 69additional explanation. It has been stated above that
pulmonary vascular damage is not a likely mechanism that
is involved in the inflammatory process of sarcoidosis as in
contrast of the fibrosing process in IPF,29 in Beceht’s
disease28 or in COPD.30 As the reduction of pulmonary
I-123 MIBG washout is not seen in patients with lung-
functional signs of fibrosis (reduced FVC and/or reduced
TLCO) we assume that this additional mechanism is not
related to the fibrosis itself but to a non-vascular mediated
process that initiates the fibrosis in the lungs.
Our study was insufficiently powered to prove a statistical
significant difference between patients with- and without an
abnormal TTT and between patients with and without
radiographic evidence of pulmonary involvement which
would further have stressed the role of autonomic dysfunc-
tion and radiographic pulmonary involvement in MIBG
washout.
One of the limitations of our study is that our control
group consisted of only males and, although mean age did
not differ much, the study groups were not matched with
respect to age. We assumed, based on one earlier study35 no
gender differences in I-123 MIBG metabolism. Earlier it has
been shown that uptake of I-123 MIBG has no significant
correlation with age but pulmonary washout decreases with
age.35 We are aware that our assumption on gender and the
slight age difference between both study groups might limit
the value of the study.Conclusion
The I-123 MIBG washout from the lungs is decreased; this is
partly the indirect effect of sympathetic autonomic nerve
dysfunction. Apart from the autonomic nerve dysfunction,
there must be an additional explanation for the decreased
lung washout, probably related to a non-vascular damaging
process of the lungs but not the fibrosis itself. The
inflammatory process in sarcoidosis seems not to be related
to pulmonary vasculature.Conflict of interest
The authors of this manuscript have no conflict of interest to
declare.Acknowledgements
The authors greatly acknowledge Denise Janssen and Gerrit
Kemerink, M.Sc., Ph.D. for their technical support, Petal
Wijnen for her management of the database, the members
of staff of the Department of Clinical Neurophysiology for
the execution of the temperature threshold tests and Rob
Lamers, M.D., Ph.D. for reading the chest radiographs.References
1. Newman LS, Rose CS, Maier LA. Sarcoidosis. N Engl J Med 1997;
336:1224–34.
2. Hoitsma E, Marziniak M, Faber CG, et al. Small fibre neuropathy
in sarcoidosis. Lancet 2002;359:2085–6.3. Wieland DM, Brown LE, Rogers WL, et al. Myocardial imaging
with a radioiodinated norepinephrine storage analog. J Nucl
Med 1981;22:22–31.
4. Tobes MC, Jaques SJ, Wieland DM, Sisson JC. Effect of uptake-
one inhibitors on the uptake of norepinephrine and metaiodo-
benzylguanidine. J Nucl Med 1985;26:897–907.
5. Murashima S, Takeda K, Matsumura K, et al. Increased lung
uptake of iodine-123-MIBG in diabetics with sympathetic
nervous dysfunction. J Nucl Med 1998;39:334–8.
6. Nicholas TE, Strum JM, Angelo LS, Junod AF. Site and mechanism
of uptake of 3H-norepinephrine by isolated perfused rat lungs.
Circ Res 1974;35:670–80.
7. Slosman DO, Davidson D, Brill AB, Alderson PO. 131I-metaiodo-
benzylguanidine uptake in the isolated rat lung: a potential
marker of endothelial cell function. Eur J Nucl Med 1988;
13:543–7.
8. Slosman DO, Donath A, Alderson PO. 131I-metaiodobenzylgua-
nidine and 125I-iodoamphetamine. Parameters of lung endothe-
lial cell function and pulmonary vascular area. Eur J Nucl Med
1989;15:207–10.
9. Slosman DO, Polla BS, Donath A. 123I-MIBG pulmonary removal: a
biochemical marker of minimal lung endothelial cell lesions. Eur
J Nucl Med 1990;16:633–7.
10. Iwasawa Y, Gillis CN. Pharmacological analysis of norepinephr-
ine and 5-hydroxytryptamine removal from the pulmonary
circulation: differentiation of uptake sites for each amine.
J Pharmacol Exp Ther 1974;188:386–93.
11. Bryan-Lluka LJ, Westwood NN, O’Donnell SR. Vascular uptake of
catecholamines in perfused lungs of the rat occurs by the same
process as uptake in noradrenergic neurones. Naunyn Schmie-
debergs Arch Pharmacol 1992;345:319–26.
12. Unlu M, Inanir S. Prolonged lung retention of iodine-123-MIBG in
diabetic patients. J Nucl Med 1998;39:116–8.
13. Hoitsma E, Faber CG, van Kroonenburgh MJ, et al. Association
of small fiber neuropathy with cardiac sympathetic dysfunction
in sarcoidosis. Sarcoidosis Vasc Diffuse Lung Dis 2005;22:43–50.
14. Hunninghake GW, Costabel U, Ando M, et al. ATS/ERS/WASOG
statement on sarcoidosis. American Thoracic Society/European
Respiratory Society/World Association of Sarcoidosis and Other
Granulomatous Disorders. Sarcoidosis Vasc Diffuse Lung Dis
1999;16:149–73.
15. Eisenhofer G. The role of neuronal and extraneuronal plasma
membrane transporters in the inactivation of peripheral
catecholamines. Pharmacol Ther 2001;91:35–62.
16. Antonelli Incalzi R, Fuso L, Giordano A, et al. Neuroadrenergic
denervation of the lung in type I diabetes mellitus complicated
by autonomic neuropathy. Chest 2002;121:443–51.
17. Quanjer PH, Tammeling GJ, Cotes JE, Pedersen OF, Peslin R,
Yernault JC. Lung volumes and forced ventilatory flows.
Report Working Party Standardization of Lung Function Tests,
European Community for Steel and Coal. Official Statement of
the European Respiratory Society. Eur Respir J Suppl 1993;
16:5–40.
18. DeRemee RA. The roentgenographic staging of sarcoidosis.
Historic and contemporary perspectives. Chest 1983;83:
128–33.
19. Yarnitsky D. Quantitative sensory testing. Muscle Nerve
1997;20:198–204.
20. Hoitsma E, Drent M, Verstraete E, et al. Abnormal warm and
cold sensation thresholds suggestive of small-fibre neuropathy
in sarcoidosis. Clin Neurophysiol 2003;114:2326–33.
21. Yarnitsky D, Sprecher E. Thermal testing: normative data and
repeatability for various test algorithms. J Neurol Sci 1994;
125:39–45.
22. Sole MJ, Drobac M, Schwartz L, Hussain MN, Vaughan-Neil EF.
The extraction of circulating catecholamines by the lungs in
normal man and in patients with pulmonary hypertension.
Circulation 1979;60:160–3.
ARTICLE IN PRESS
G.J. Jonker et al.7023. Tseng YT, Padbury JF. Expression of a pulmonary endothelial
norepinephrine transporter. J Neural Transm 1998;105:1187–91.
24. Suga K, Kume N, Shimizu K, et al. Potential of iodine-123
metaiodobenzylguanidine single-photon emission tomography
to detect abnormal functional status of the pulmonary
neuroadrenergic system in irradiated lung. Eur J Nucl Med 1999;
26:647–54.
25. Koizumi T, Kubo K, Hanaoka M, et al. Serial scintigraphic assessment
of iodine-123 metaiodobenzylguanidine lung uptake in a patient
with high-altitude pulmonary edema. Chest 1999;116:1129–31.
26. Yoshiike F, Koizumi T, Urushihata K, Hanaoka M, Kubo K.
Reduced lung uptake of iodine-123 metaiodobenzylguanidine
in patients with myeloperoxidase antineutrophil cytoplasmic
antibodies-positive vasculitis. Respiration 2006;73:191–6.
27. Mu X, Hasegawa S, Yoshioka J, et al. Clinical value of lung
uptake of iodine-123 metaiodobenzylguanidine (MIBG), a
myocardial sympathetic nerve imaging agent, in patients with
chronic heart failure. Ann Nucl Med 2001;15:411–6.
28. Unlu M, Akincioglu C, Yamac K, Onder M. Pulmonary involve-
ment in Behcet’s disease: evaluation of 123 I-MIBG retention.
Nucl Med Commun 2001;22:1083–8.
29. Takabatake N, Arao T, Sata M, et al. Involvement of pulmonary
endothelial cell injury in the pathogenesis of pulmonaryfibrosis: clinical assessment by 123I-MIBG lung scintigraphy. Eur
J Nucl Med Mol Imaging 2005;32:221–8.
30. Arao T, Takabatake N, Sata M, et al. In vivo evidence of
endothelial injury in chronic obstructive pulmonary disease by
lung scintigraphic assessment of (123)I-metaiodobenzylguani-
dine. J Nucl Med 2003;44:1747–54.
31. Hoitsma E, Reulen JP, de Baets M, Drent M, Spaans F, Faber CG.
Small fiber neuropathy: a common and important clinical
disorder. J Neurol Sci 2004;227:119–30.
32. Shulkin BL, Shapiro B, Tobes MC, et al. Iodine-123-4-amino-3-
iodobenzylguanidine, a new sympathoadrenal imaging agent:
comparison with iodine-123 metaiodobenzylguanidine. J Nucl
Med 1986;27:1138–42.
33. Mangner TJ, Tobes MC, Wieland DW, Sisson JC, Shapiro B.
Metabolism of iodine-131 metaiodobenzylguanidine in patients
with metastatic pheochromocytoma. J Nucl Med 1986;27:
37–44.
34. Nakajo M, Shimabukuro K, Yoshimura H, et al. Iodine-131
metaiodobenzylguanidine intra- and extravesicular accumula-
tion in the rat heart. J Nucl Med 1986;27:84–9.
35. Kanzaki N, Soda R, Takahashi K, et al. Influence of age and
gender on iodine-123 MIBG kinetics in normal lung. Ann Nucl
Med 1998;12:225–9.
